Early surgical attempts to treat rectal cancer were mainly extraperitoneal via the perineum and a posterior parasacral approach. The postoperative mortality was high, the postoperative functional results extremely poor and local recurrence rates amounted up to 95%. The article "A method of performing abdomino-perineal excision for carcinoma of the rectum and of the terminal portion of the pelvic colon" by Miles, published in The Lancet in 1908 was an important contribution to the surgical management of rectal cancer.
Early surgical attempts to treat rectal cancer were mainly extraperitoneal via the perineum and a posterior parasacral approach. The postoperative mortality was high, the postoperative functional results extremely poor and local recurrence rates amounted up to 95%. The article "A method of performing abdomino-perineal excision for carcinoma of the rectum and of the terminal portion of the pelvic colon" by Miles, published in The Lancet in 1908 was an important contribution to the surgical management of rectal cancer. 1 Miles concluded that it was essential to remove the entire rectum, anal canal, and sphincters, much of the levator ani muscles and ischioanal fat, the sigmoid colon and mesocolon including the glands at the inferior mesenteric and superior rectal artery to prevent local recurrence. To achieve this, he used a combined abdominal and perineal approach and advocated that the rectum should be bluntly mobilized down to the sacrococcygeal articulation posteriorly, to the prostate anteriorly and to "the upper surface of the levatores ani" laterally. After closing the abdomen and finishing the colostomy, the patient was turned over and placed in the right lateral and semiprone position. The perineal part of the operation included a wide excision of skin, fat, and levator muscles. Miles emphasized that the levators should be divided "as far outward as their origin from the white line so as to include the lateral zone of spread." The specimen was brought out through the perineum and the skin was closed over two drains. Miles procedure was gradually accepted by the surgical community and abdominoperineal excision (APE) became more or less the gold standard procedure. By the 1930s, APE had become commonly adopted for most tumors of the rectum, including many that were in the upper third.
However, the concept of removing the entire rectum and anus in all patients with rectal cancer was challenged with time and sphincter-preserving procedures came into practice. The name "anterior resection" (AR) (through the abdomen) distinguished it from the posterior parasacral resection, which was gradually abandoned because of the reported better oncological results after APE and AR. By the 1950s and onward, the increasing experience with bowel reconstruction, including the later development of stapling instruments, led to the new concept of AR and low AR (LAR) which gradually became the standard procedures for tumors in the upper and middle rectum. 2, 3 Most surgeons continued to perform APE for tumors in the low rectum although the extensive perineal approach described by Miles was more or less forgotten and the synchronous combined APE was introduced as a feasible procedure which became popular and gained widespread use in the treatment of low rectal cancer.
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Although rectal cancer treatment improved during the 20th century local recurrence rates of up to 50% were still reported after potentially curative resections. 5 To improve local control, pre-and postoperative radiotherapy and chemoradiotherapy were evaluated in several randomized trials during the past 30 years. With neoadjuvant treatments, local control improved by 50% and cancer-specific survival also improved. 6 However, it was with the development of total mesorectal excision (TME), as described by Heald et al that the picture changed dramatically. 7, 8 The TME technique has been introduced in many countries during the recent 15 to 20 years and has gradually been accepted as the gold standard for rectal cancer resections. Subsequently, the results with regard to local control have improved significantly and local recurrence rates are now reported to be less than 10% in population-based studies.
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The acknowledgment of TME as the standard surgical technique in the treatment of rectal cancer has resulted not only in improved local control but also in increasing rates of sphincter-saving procedures and improved survival.
Since the mid-1990s, teaching in rectal cancer surgery mainly focused on the operative technique of TME and AR. The abdominal part of APE was also modified along the lines of TME with sharp dissection outside the mesorectum down to the pelvic floor. However, little attention was paid to the perineal part of this procedure, which was often completed in the conventional way with dissection outside the external sphincter and with division of the levator muscles close to the rectal wall. In addition, the perineal part of the operation during the synchronous combined operation was often performed by the younger surgeon in the team, with the more senior surgeon trying to guide the dissection from the abdominal side. Although many surgeons realized the importance of the perineal dissection, this was often performed with blunt dissection techniques with the patient in the supine position.
Problems Related to the Conventional Synchronous Combined Abdominoperineal Excision
The fact that local control and survival after APE did not improved to the same degree as that seen after AR has been recognized by several authors. One study based on 561 patients from Leeds, United Kingdom, reported that patients undergoing APE had a higher local failure rate (22.3 vs. 13 .5%) and a poorer survival (52.3 vs. 65.8%) than patients having had an AR.
12 Another article based on five different European trials reported that oncological outcomes were significantly worse after APE than after AR. The circumferential resection margin (CRM) was positive in 93 of 1,863 patients (5.0%) treated with a LAR and in 95 of 897 patients (10.6%) treated with an APE. Five-year local recurrence rates were 11.4% after LAR and 19.7% after APE (p < 0.001). Five-year cancer-specific survival rates were 76.6% for patients treated with a LAR versus 65.1% for patients treated with APE (p < 0.001) and overall survival rates were 70.1% for patients treated with a LAR versus 59.5% for patients treated with an APE (p < 0.001). The authors concluded that APE was associated with nonradical resections, which subsequently reduced local control, overall survival, and cancer-specific survival for patients with advanced rectal cancer and that the quality of the APE procedure needed improvement. 13 Even in centers of excellence with impressive results after AR, the outcomes after APE have not been acceptable. Heald et al reported a local recurrence rate at 6 years of 4% after AR with TME compared with 47% after APE.
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The difference in oncological results between AR and APE may be explained by several factors, including anatomical difficulties and the surgical technique used with standard APE surgery. In the lower rectum, the surrounding mesorectum is reduced in size and disappears at the top of the sphincters. Below this level, the sphincter muscle forms the CRM. As mentioned earlier, the abdominal dissection during a conventional synchronous combined APE is often carried along the mesorectum all the way down to the pelvic floor and the top of the puborectalis muscle, with the mesorectum being mobilized off the levator muscles. The perineal dissection then follows the external sphincter to meet the pelvic dissection at the top of the anal canal (►Fig. 1). With this technique, the retrieved specimen typically has a waist 3 to 5 cm from the distal end, corresponding to the top of the external sphincter at the level of the puborectalis muscle and the lowest part of the mesorectum and a smaller amount of perirectal tissue is resected at this level than at other heights 15 (►Fig. 2).
The inward coning at the pelvic floor carries the dissection close to the rectal wall and several studies have reported higher rates of bowel perforation and tumor involved CRM after APE as compared with AR. Nagtegaal et al assessed a large number of specimens from the Dutch TME trial and found that the plane of dissection was within the sphincter muscle, the submucosa, or lumen in more than one-third of the APE cases, and in the remainder lay on the sphincter muscles. This resulted in a positive CRM rate of 30.4% after APE versus 10.7% after AR and in a perforation rate of 13.7% after APE versus 2.5% after AR. Survival differed greatly between APE and AR, 38 versus 58% (p ¼ 0 0.008). The authors concluded that oncological results after APE potentially could be greatly improved by adopting different surgical techniques. 16 Similarly, population-based reports from Sweden, Norway, and Holland have shown a more than threefold increase in perforation rates after APE compared with AR (14-15 vs. 3-4%). Data from the Norwegian Rectal Cancer Registry showed that the risk of perforation was significantly greater in patients undergoing APE than AR (odds ratio: 5.6) and that the 5-year local recurrence rate was 29% following perforation, compared with 10% in patients with no perforation (p < 0.001); survival rates were 42 and 67%, respectively (p < 0.001). 17 Thus, the differences in oncological outcomes between the conventional type of APE and AR may partially be explained by the increased risk of tumor involved margins and inadvertent bowel perforations, as both these factors are significantly related to local control and survival. Despite the development of sphincter-sparing procedures for high, mid, and early low rectal cancers, APE is still necessary in many patients with low, advanced rectal tumors. The decision on when to recommend an APE is related to both the patient and the tumor characteristics. Such variables are interpreted differently between different surgeons and the rate of APE varies greatly between individual surgeons and between different institutions. Morris et al reported that the APE rate varied from 8.5 to 52.6% between different English hospitals. 18 In Sweden, the rate of APE for low rectal cancer, beneath 6 cm from the anal verge, has varied between 80 and 92% during the past 15 years. Thus, APE is still a common operation for low rectal cancer and since previous results have been suboptimal, it is important to change the technique of APE to reduce the rate of inadvertent bowel perforations and tumor involved margins and thereby obtaining improved oncological outcomes. The main objective must be to resect the tumor in a controlled fashion with a sufficient margin of surrounding healthy tissue. This may include a more or less extensive resection of the levator ani muscle and ischioanal fat tissue.
New Concept of Abdominoperineal Excision
One obvious problem associated with the conventional type of synchronous combined APE is the lack of standardization. Although the abdominal part of the operation follows the standard TME principles, there has been no obvious agreement on the surgical details of the perineal part of the operation. This probably explains the significant variability in the observed rates of tumor-involved margins, bowel perforations, and subsequent local recurrence rates and survival. 19 Due to this variability, and the suboptimal results after APE, there has been a call for a different concept and a more standardized approach to APE. 20 There has also been an 
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increasing interest in the management of patients with low rectal cancer and educational efforts have been taken to improve the management of these patients, such as the LOREC (Low Rectal Cancer Educational Project) development program in England.
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The first recent attempt to improve the surgical technique in APE was reported in 2007 in a study of 28 patients with low advanced rectal cancer having had an extended APE. 22 All patients had received neoadjuvant radiotherapy or chemoradiotherapy and 26 out of 28 patients (93%) had low ypT3-T4 tumors. Bowel perforation occurred in one patient (4%) and CRM was positive in two patients (7%). The potential of better oncological outcomes with a novel approach to APE created a new interest in the anatomy of the pelvis and pelvic floor and anatomical cadaver studies and studies on the surgical anatomy of these structures have been published. 23 There has also been focus on the local staging of low rectal cancer with magnetic resonance imaging (MRI), and a more accurate radiological description of the lower rectum, sphincters, and pelvic floor has been suggested. 24 The result of these recent efforts is that a new concept of APE has evolved, taking into account the specific anatomical structures of the perineum and the pelvic floor and aiming to modify and standardize the procedure according to the characteristics of the patient and the tumor. Based on the anatomy of the anal sphincters, pelvic floor, and perineum, three types of APE can be described in relation to the extent of perineal dissection: the intersphincteric APE, the extralevator APE (ELAPE), and the ischioanal APE. The indications are different for the three procedures, as shown in ►Table 1.
Preoperative Preparation
A preoperative computed tomography scan of the chest and abdomen, an MRI of the pelvis, and if possible, a complete colonoscopy should be performed in all patients with rectal cancer. A thorough assessment of the clinical status of the patient, including anal function is mandatory. All patients planned for an APE should be well informed about the extent of the procedure, the potential complications that may occur postoperatively, and the possible late difficulties, such as urogenital dysfunction and stoma problems that may be permanent. A crucial part of the preoperative information is to have the patient meet a stoma nurse, well ahead of the operation. The stoma nurse has an important role in informing the patient about the practicalities around the stoma care and how to use bags and other aids. It is also very important that the placement of the stoma is carefully selected to avoid a suboptimal placement, close to a skin fold or a scar. The patient needs to be able to see the stoma and this may be a problem in obese patients if the stoma is placed too low. Thus, the stoma site should always be marked in advance by the stoma nurse.
Prophylaxis against deep venous thromboembolism should be administered the evening before surgery and antibiotic prophylaxis in the morning before surgery. Per oral mechanical bowel preparation is not necessary for APE but, if possible, it is recommended to give an enema to clear the rectum in the morning before surgery.
Intersphincteric Abdominoperineal Excision
An intersphincteric APE is indicated when a low anastomosis is unfeasible for different reasons, for example, in patients with a preoperative history of incontinence or with a high risk of anastomotic leakage. It may also be an option in patients who have had a previous AR and who need to have their neorectum and anastomosis removed due to anastomotic leakage and chronic pelvic sepsis.
The pelvic dissection in intersphincteric APE is identical to that performed for AR, which includes the mobilization of the rectum with an intact mesorectum down to the pelvic floor and the puborectalis muscle. When the rectum and mesorectum have been mobilized down to the top of the anal canal, the patient's legs are elevated and the surgeon and assistant move to perform the perineal phase of the intersphincteric APE. An incision is made around the anus just distal to the intersphincteric groove and a self-retaining retractor with hooks is used to optimize the view and to facilitate the intersphincteric dissection. Once the skin incision is made, the anus is closed with a running suture. A washout of the wound can be done at this point. The dissection then follows the intersphincteric plane between the internal and external sphincters, around the circumference of the anal canal, all the way up to the puborectal sling and into the pelvic cavity (►Fig. 3). The specimen is gently removed either through the perineal incision or, if the mesorectum is large and bulky, lifted up from the pelvis and removed from the abdomen via the abdominal incision. The perineal incision is then closed with a running or interrupted suture in the puborectal muscle, external sphincter, and skin.
Intersphincteric Abdominoperineal Excision or Low Hartmann's Procedure
One could argue that a low Hartmann's procedure would be just as appropriate as an intersphincteric APE and there is presently not enough evidence to challenge that proposal. However, some arguments are in favor of intersphincteric APE. The rate of pelvic sepsis after Hartmann's procedure is substantial and is related to the level of division of the rectal stump. In a study by Tøttrup and Frost, pelvic sepsis developed in 31 of 163 patients (18.6%). When the rectum had been transected < 2 cm above the pelvic floor, 24 of 73 patients (32.9%) developed an abscess in contrast to 7 of 90 (7.8%) after higher transsection (p ¼ 0.0001). Only 61% of pelvic abscesses healed after a median of 59 days, leaving 39% unhealed after an observation period of 277 (range: 20-1,643) days.
25 Similar findings were reported from a Spanish study where the pelvic abscess rate was 12.2% in patients who underwent low Hartmann resection and 3.0% in those who underwent abdominoperineal resection (p ¼ 0.02). 26 Another Danish study reported that only 3 out of 50 patients (6%) developed postoperative pelvic sepsis after intersphincteric APE. The most frequent surgical complication to intersphincteric APE was perineal wound infection, occurring in 20%.
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Another potential problem after Hartmann's procedure is the risk of metachronous cancer in the rectal remnant. Although the incidence of this problem is unknown and probably low, there have been several case reports in the literature describing this condition, which, of course, cannot occur after an intersphincteric APE. Many patients also experience discomfort from the rectal stump after low Hartmann's procedure with soiling and sometimes bleeding. If symptoms occur and the rectal remnant needs to be examined by proctoscopy, this is often painful and sometimes needs to be done under general anesthesia. In conclusion, due to the drawbacks mentioned earlier, an intersphincteric APE is probably preferable to a low Hartmann's procedure, even though it may slightly prolong the duration of surgery and has a low risk of perineal wound infection.
Extralevator Abdominoperineal Excision
ELAPE is indicated in patients with tumors threatening the external sphincter or levator muscle and where an ultralow AR or an intersphincteric APE would not achieve a clear CRM (►Fig. 4). The main objective is to reduce the risk of inadvertent bowel perforation and CRM involvement. As described later, this can be accomplished because a more or less extensive part of the levator muscle is excised en bloc with the mesorectum, to protect the most distal part of the bowel and thereby avoiding "the waist" of the specimen that is common after the conventional type of synchronous combined APE. Since the levator muscle should not be separated from the mesorectum, the pelvic dissection during the abdominal part of an ELAPE differs from an AR or an intersphincteric APE.
In AR and intersphincteric APE, the dissection continues all the way down to the pelvic floor and the puborectalis muscle, and consequently, the mesorectum is lifted off the levator muscle. In ELAPE, it is crucial not to take the mobilization of the rectum and mesorectum down to the pelvic floor. The dissection should instead continue down to the sacrococcygeal junction dorsally, just below the inferior hypogastric plexus anterolaterally, and the anterior dissection should stop just below the seminal vesicles in men or the cervix uteri in women. By stopping the mobilization of the rectum and mesorectum at this level, the mesorectum is still attached to the levator muscle of the pelvic floor, which is a crucial feature of the ELAPE.
The perineal part of the ELAPE differs considerably from the perineal part of the intersphincteric APE. This part of the operation can be performed with the patient either in the supine Lloyd-Davies position or in the prone jack-knife position. The prone position is often preferable, due to the excellent exposure of the operative field.
The perineal phase starts with closure of the anus to avoid any spillage of feces or mucus which may contain tumor cells. After incision of the skin, the external sphincter is identified and the dissection is continued outside the sphincter up to the levator muscles on both sides. The levator muscles are then followed up to the pelvic sidewall (obturator internus muscle). 
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When the external sphincter and levator muscles are exposed around the circumference, the pelvis is entered, either just below the tip of the coccyx or through the sacrococcygeal junction. At this stage, it is important to identify the mesorectum in order not to injure the mesorectal fascia. The pelvic floor, that is, the levator muscle, is now divided and the division continues onto the prostate or vagina. The extent of excision of the levator depends on the size and location of the tumor. The specimen is now still attached to the anterior aspect of the levator muscles and to the prostate or posterior wall of the vagina.
The dissection in the anterior plane during the perineal phase of the ELAPE is the most difficult, and potentially most dangerous, part of the procedure because of the close relationship between the anterior rectal wall and the prostate or posterior vaginal wall. In addition, the neurovascular bundles derived from the inferior hypogastric plexus run anterolaterally on each side of the prostate or vagina and close to the rectum and can easily be damaged if they are not recognized at this stage of the operation. The dissection along the anterior and lateral aspects of the lower rectum must therefore be performed meticulously and with great care. If the dissection is performed close to the rectal wall, there is a risk of inadvertent perforation or tumor involved margin and if the dissection is performed too laterally, or too anteriorly, there is a risk of damage to the neurovascular bundles or to the prostate or vagina. In anteriorly located tumors, it may be necessary to include the posterior vaginal wall or a slice of the posterior prostate with the specimen, and sometimes even to kill the neurovascular bundle on one side, to be able to achieve a negative CRM. When the perineal dissection is performed as described, the excised specimen is "cylindrical," usually without a waist, due to the fact that the levator muscle is still attached to the mesorectum, forming a cuff around the rectal muscle tube (►Fig. 5). Fig. 4 The pelvic dissection during an extralevator APE is carried along outside the mesorectal fascia and stops at the top of the levator muscle (blue line). The perineal dissection proceeds just outside the external sphincter and the levator muscle fascia, up to its origin at the obturator internus muscle (green line). APE, abdominoperineal excision. 
Ischioanal Abdominoperineal Excision
Some low rectal cancers are locally advanced and may infiltrate or perforate through the levator muscle. Occasionally, a tumor perforation may cause a perianal abscess or fistula and in other patients, the tumor may protrude through the anus (►Fig. 6). In such situations, an ELAPE is not suitable to achieve a tumor-free CRM and a more extensive, ischioanal APE is required to excise an appropriate part of skin and/or ischioanal fat.
The abdominal part of the ischioanal APE is equivalent to the abdominal part of the ELAPE, but the perineal dissection is different and is preferably done with the patient in the prone jack-knife position. The area of perineal skin incision in an ischioanal APE depends on the extent of tumor involvement of the skin. Any tumor infiltration or fistula opening must be included in the excised skin area with a margin of at least 2 to 3 cm. As soon as the incision deepens into the subcutaneous fat, the dissection should be directed laterally toward the ischial tuberosity and progresses onto the fascia of the internal obturator muscle. Differing to an ELAPE, the dissection does not follow the external sphincter and levator muscle but is carried along the internal obturator muscle fascia. The dissection is performed along this plane up to the insertion of the levator muscle to the internal obturator muscle and thus includes the entire fat compartment of the ischioanal space. The excision of ischioanal fat can be performed unilaterally or bilaterally depending on the extent of tumor growth. When the dissection up to this level is completed the sacrococcygeal junction is incised and the pelvic cavity is entered in the same fashion as with ELAPE. The subsequent dissection is also similar to that of ELAPE, and the levator muscles are divided along the internal obturator muscle fascia onto the prostate or the vagina. Also, the anterior and lateral dissection along the prostate or vagina is performed as in ELAPE. The difference between ELAPE and ischioanal APE is that fat in the ischioanal space is resected en bloc and attached to the levator muscle (►Figs. 7 and 8).
Omentoplasty
Irrespective of the type of APE performed, entrapment of the small bowel in the empty pelvic cavity is not unusual. Therefore, if the patient has a large omentum, it is feasible to mobilize this from the transverse colon and from the greater curvature of the stomach and to prepare an omentoplasty which can fill out the pelvic cavity.
Laparoscopic Approach to Abdominoperineal Excision
The abdominal procedure in APE may also be performed with minimally invasive techniques, either laparoscopic or robot Fig. 6 In some very low and advanced tumors, the cancer growth may infiltrate the ischioanal space. In these patients, a wide ischioanal APE is necessary to achieve a potentially curative resection. APE, abdominoperineal excision. Fig. 7 The pelvic dissection in an ischioanal APE is carried along outside the mesorectal fascia but stops at the top of the levator muscle (blue line). The perineal dissection (green line) is directed toward tuber os ischii and follows the obturator internus muscle fascia, to remove the fat in the ischioanal compartment en bloc. The size of the skin incision depends on the extent of tumor involvement in the skin and may be extensive (left side) or similar to the skin incision in an extra-levator APE (right side). APE, abdominoperineal excision.
assisted. This approach is gaining increasing popularity and it may well be that minimally invasive methods for the abdominal part of the operation will become predominant in the near future. An obvious advantage of the minimally invasive approach in APE is that no abdominal wall incision is necessary, except for the laparoscopic port incisions and the stoma site, since the specimen is delivered through the perineum. Although some details differ between the open and minimally invasive approach, the main principles described for the abdominal part of an APE should be adopted irrespective of the surgical technique used.
Results after Abdominoperineal Excision
The first attempt to compare the conventional type of APE with ELAPE was published in 2008 and assessed 128 surgical specimens from Leeds, United Kingdom and Stockholm, Sweden. The study showed that ELAPE removed more tissue in the distal rectum and in all slices that contained tumor compared with the "standard" APE (p < 0.0001). Greater distance was observed from the muscularis propria or internal sphincter to the anterior, posterior, and lateral resection margins (p < 0.0001). This was associated with lower CRM involvement (14.8 vs. 40.6%; p ¼ 0.013) and intraoperative perforations (3.7 vs. 22.8%; p ¼ 0.0255).
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In 2011, Stelzner et al published an overview of reports from a literature search which aimed to identify all articles reporting on APE after the introduction of TME. ELAPE was defined as operations that resected the levator ani muscle close to its origin. All other techniques were taken to be standard. Rates for perforation, CRM involvement, and local recurrence were compared. In all, 1,097 patients were pooled for statistical analysis in the ELAPE group and 4,147 patients in the standard group. The rate of inadvertent bowel perforation for ELAPE versus standard APE was 4.1 versus 10.4% (relative risk [RR] reduction: 60.6%; p ¼ 0.004) and the rate of CRM involvement 9.6 versus 15.4% (RR reduction: 37.7%; p ¼ 0.022). The local recurrence rate was 6.6 versus 11.9% (RR reduction: 44.5%; p < 0.001) for the two groups. The authors concluded that their systematic review suggested that extended techniques of APE result in superior oncologic outcomes as compared with standard techniques. 29 Another review based on eight different studies pooled data on 949 patients and found reduced rates of intraoperative bowel perforation (IOP) (RR: 0.34; 95% confidence interval [CI]: 0.21-0.54; p < 0.00001), CRM involvement (RR: 0.44; 95% CI: 0.34-0.56; p < 0.00001), and local recurrence (RR: 0.32; 95% CI: 0.14-0.74; p ¼ 0.008) and thus superior oncological results after ELAPE than after conventional APE. 30 There has been only one small randomized trial comparing ELAPE in 35 patients with conventional APE in 32 patients. In this trial, a positive CRM was found in 6% after ELAPE and in 28% after conventional APE, the corresponding figures for bowel perforation were 6 and 16%, respectively. The local recurrence rate was also significantly lower in the ELAPE group.
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Recently, several studies have reported comparisons between conventional APE and ELAPE with varying results. The rate of IOP varies between 0 and 8% for ELAPE and between 5 and 28% for conventional APE, the rate of CRM involvement varies between 0 and 20% for ELAPE and 3 and 50% for conventional APE, and the rate of perineal wound infections varies between 8 and 44% for ELAPE and between 11 and 39% for conventional APE. The significant diversity of reported results is interesting and it is also noteworthy that the results after conventional APE seem to improve over time. In 2010, West et al reported IOP in 28%, positive CRM in 50%, and wound infection in 20% after conventional APE, while Prytz et al in 2014 reported the corresponding figures of 11, 6, and 12% after conventional APE. 32, 33 The reported results after ELAPE have also been variable but with no obvious improvement over time.
To understand the diversity of results after APE, it is important to look back in the history of rectal cancer surgery. Results have gradually improved from the early attempts to operate through the perineal approach, via Miles procedure and later AR with anastomosis. The results after APE and AR were more similar before the TME era. In the Swedish Rectal Cancer trial, randomizing 1,168 patients with operable rectal cancer to preoperative short course radiotherapy or to surgery alone, the local recurrence rate at 5 years was 9% after AR versus 13% after APE in irradiated patients and 23% after AR versus 30% after APE in nonirradiated patients. 34 The results improved with TME-based surgery but more so after AR and LAR than after APE. As mentioned earlier, the poorer results after APE were probably caused by a higher risk of IOP and positive CRM after APE as compared with AR. The results after APE seemed to improve after the introduction of ELAPE with significantly lower rates of perforations and involved margins. Early comparisons of ELAPE versus conventional APE appeared to favor ELAPE but some later comparisons did not demonstrate any significant benefit for ELAPE albeit improved results after conventional APE. It is difficult to explain the diversity in the reports comparing ELAPE and conventional APE and maybe it is futile to judge one procedure against the other. As the chief editor of Colorectal Disease, Nicholls stated in 2013: "The adjective 'standard' began to be applied to APE, but it had no meaning because it was not possible to describe it anatomically."
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Most likely, the APE procedure has changed over time. Several significant improvements have been made during the last decade, including increasing knowledge about the anatomy of the pelvis, pelvic floor, and perineum, based on published anatomical studies. The routine use of preoperative MRI for tumor staging, the increasing knowledge of the importance of precision surgery and high-quality specimens, and the tendency to specialization in rectal cancer surgery have all contributed to the improved results. Rectal cancer surgeons have probably, more or less consciously, changed their practice over time and now base their surgical approach on available preoperative radiological staging. Awareness of the importance to avoid perforations and involved margins has prompted most surgeons to use sharp, precise dissection under direct vision rather than blunt dissection, guided more by palpation than visualization.
This may be illustrated by a report from the Mayo group on 655 consecutive patients with rectal cancer treated with curative intent, using surgery alone. All 246 patients having an APE were operated in the supine Lloyd-Davies position. The local recurrence rate at 5 years was 5.5% and not significantly different from the local recurrence rate after AR. Also, diseasefree survival was similar after APE and AR. It was concluded that "commitment to a standardized wide resection should be the current approach to APE."
36 When this article is read in detail, the operative technique for APE is described as follows: "the widest part of the perineal dissection was carried to the ischial tuberosities bilaterally and then extended upward to incorporate a majority of the pelvic floor, joining the anterior dissection from the pelvic side without coning in." Thus, it is obvious that the authors' standard approach to APE is in fact ELAPE, performed in the supine position. Most comparisons between ELAPE and conventional APE have not defined the extent of excision of the levator muscle for either procedure and the risk of misclassification is probably high. Thus, it is highly likely that conventional APE has changed over time and that most surgeons operating on rectal cancer today base their resection on available MRI and perform a more or less extensive ELAPE in low advanced rectal cancer. It has to be remembered that the external sphincter is integrally related to the levator muscle, and thus, removal of the external sphincter is, by definition, the initial part of an ELAPE, and all that really is of concern is the extent of levator removal.
Reconstruction of the Pelvic Floor and Perineum
Primary closure of the perineal wound has been the commonest method of perineal reconstruction after a synchronous combined APE. Although the clinical course is often uneventful, complications due to the perineal wound is still one of the major problems associated with the conventional type of APE, especially in patients who have received preoperative RT. 37 Wound problems have been reported in up to 50% of patients receiving preoperative RT after APE with primary wound closure. Wound infection and delayed healing are the most common complications. These problems may become even more frequent in patients who have received a combination of preoperative RT and ELAPE, with a more extensive excision of the pelvic floor. Perineal hernia is a late complication after removal of the pelvic floor, and it is likely that the rate of this complication increases with a more extensive removal of the pelvic floor. The incidence is variable in different reports but has been as high as 45% after laparoscopic ELAPE and primary closure of the perineum.
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A variety of surgical alternatives to primary closure have been used to reconstruct the pelvic floor and to reduce the wound healing problems and perineal hernia formation after APE. These procedures include omental pedicle flaps (omentoplasty) and different local rotational musculocutaneous flaps. Data from controlled studies support the use of musculocutaneous flaps for single-stage reconstruction after APE, especially in the presence of chemoradiotherapy. Several reports using the rectus abdominis (RAM), gluteus maximus, or gracilis musculocutaneous flaps have been published.
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RAM flaps have been most commonly used and the reported overall complication rates vary from 10 to 50% and healing rates during follow-up from 95 to 100%.
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Most studies are small with less than 50 reported patients and the small number of patients, the varying definition of wound complications and the varying follow-up times probably explain the difference in complication rates.
In recent times, some experience with biological mesh reconstruction of the pelvic floor has also been reported. This option seems feasible with a reasonable complication rate. In one report, the use of a biological mesh also significantly reduced the risk of perineal hernia. 43 However, the number of reports is limited and substantial, long-term results from biological mesh reconstruction of the pelvic floor are still lacking. A recent review of articles on the reconstruction of the perineum after ELAPE compared 255 patients undergoing flap repair with 85 patients undergoing biological mesh repair and found no significant difference in the rates of perineal wound complications or perineal hernia formation. 44 In fact, there is no standard solution for pelvic floor reconstruction after APE and the method used must be tailored according to the patient and the extent of excision. Thus, primary closure is generally appropriate after an intersphincteric APE while some kind of mesh or flap reconstruction is often used after an ELAPE. After an ischioanal APE, a flap reconstruction is frequently necessary, especially if the excision of skin has been extensive. It is recommended to assess each patient carefully before surgery to determine the suitable type of pelvic floor reconstruction and to establish collaboration with a plastic surgeon for reconstruction after the more wide excisions.
Summary
Treatment results in rectal cancer have improved significantly during the recent two decades but local control and survival after APE have not improved to the same degree as that seen after AR. The reason for this is an increased risk of Abdominoperineal Excision Holm 365
inadvertent bowel perforations and tumor involved margins after APE as compared with AR. The conventional synchronous combined APE has not been a standardized procedure and consequently oncological outcomes have varied considerably between different institutions and in different reports. With the new concept of APE, based on well-defined anatomical structures, the procedure can be categorized as intersphincteric APE, ELAPE, and ischioanal APE. The crucial point is to achieve a high-quality specimen without perforation or tumor involved margins. The procedure should be planned in detail based on preoperative MRI, assessment of the patient, and digital rectal examination. In early (T1-T2) low rectal cancer, an intersphincteric approach may be appropriate, but in advanced tumors (T3-T4), an extensive procedure is necessary, involving a more or less wide removal of the levator muscle and sometimes the ischioanal fat. In other words, a more or less extensive ELAPE or ischioanal APE may be suitable depending on the extent of the tumor. It is important that the surgeon describe exactly what has been removed and ideally, high-quality photographs of the specimen should be taken to have an objective assessment of the quality of the surgery.
